Microsatellite instability (MSI) is the molecular fingerprint of the deficient mismatch repair (MMR) system that characterizes approximately 15% of colorectal cancers (CRCs). MSI develops due to germline mutations in MMR genes or more commonly, from epigenetic silencing of MLH1 in sporadic tumors that occurs in a background of methylation of CpG islands in gene promoter regions and in tumors that
Sinicrope and Sargent -5 MSI among CRCs is approximately 15% (9, 14) and is more common among stage II compared to lymph node-positive or stage III CRCs. MSI is relatively uncommon among stage IV or metastatic CRCs (~4%) (15). MSI is more frequent in women, especially older women, compared to men given differences in MLH1 methylation frequencies (9).
Both observational studies as well as data from patients enrolled on randomized clinical trials have consistently shown that MSI or deficient MMR is independently associated with improved survival compared with individuals with MSS tumors (13, 14, 16), and include a meta-analysis (17). Patients with deficient vs proficient MMR tumors also have significantly reduced rates of tumor recurrence (18, 19) . Confirmatory prognostic data were recently reported from large clinical trials [Quick and Simple and Reliable (QUASAR) trial (19) and Pan-European Trials in Alimentary Tract Cancers (PETACC-3) (20, 21) in patients with stage II or III colon carcinomas. MSI CRCs typically have diploid DNA content and in a prior study, the prognostic impact of deficient MMR was no longer evident when ploidy was taken into account (22) . Despite the aforementioned data, testing for MSI or MMR proteins has not been routinely incorporated into clinical practice to inform patients about their prognosis or to guide management. To address the lack of prospective data, an ongoing trial in stage II colon cancers categorizes patients into high and low risk groups based upon MSI status and allelic loss at 18q (ECOG-E5202). Low risk tumors are defined as having MSI and intact 18q and are assigned to no postoperative treatment, whereas high risk patients receive the standard adjuvant regimen for stage III CRC which is 5-fluorouracil (5-FU) and oxaliplatin. Since the MSI tumors are not treated with 5-FU, the study will not provide predictive information regarding 5-FU-based treatment.
Research. Sporadic MSI colon cancers with epigenetic inactivation of hMLH1 show frequent (~50%) co-occurrence of BRAFV600E mutations compared to an overall BRAF mutation frequency of 8-11% among CRCs (21, 28 (19) , but was associated with OS, but not RFS, in stage II/III tumors in the PETACC-3 trial (21) . An unanswered question is whether BRAF mutations can confer prognostic information within the subgroup of MSI tumors (33). Recent findings from a large study in independent cohorts, suggests that CIMP-high is associated with a favorable prognosis in CRC patients that was independent of MSI and BRAF mutation status (32). Limited data exist with regard to the prognostic or predictive impact of CIMP. Studies examining the predictive utility of CIMP for 5-FU-based therapy have been inconclusive (34, 35) . More recently, analysis of a population-based cohort of patients with stage II and III colon cancers found that CIMP-positive tumors did not benefit from adjuvant 5-FU, whereas patients with CIMPnegative tumors treated with 5-FU showed improved survival (36) . Importantly, discrepant results among studies may be related to different methylation markers used as well as definitions of CIMP(8, 32, 37). An unanswered question is whether differences in chemosensitivity exist between MSI tumors of sporadic origin vs germline cases. In a recent study, tumor metastases were reduced by 5-FU-based adjuvant treatment in stage III colon cancers with deficient or proficient MMR, and a subset analysis of deficient MMR cases suggested that any treatment benefit was restricted to suspected germline tumors (38) . While provocative, these data await confirmation in an independent dataset where genotyping for MMR genes has been performed. 
Sinicrope and Sargent -9 compared to cells with intact expression (47) . These data suggest that secondary mutations in genes regulating DNA double-strand breaks rather than MSI itself, may be Furthermore, the observed ability of MSH3 to protect against double-strand breaks was exploited by the combination of oxaliplatin and a PARP inhibitor that produced a synergistic cytotoxic effect against CRC cells (55). These data suggest that synthetic lethality can potentially be exploited in MSI cancers. A screen to identify drugs inducing death in MSH2-deficient tumor cells identified methotrexate, which is supported by the finding that suppression of dihydrofolate reductase led to increased death in these same cells (60) . An ongoing, single arm phase II study is evaluating methotrexate in MSH2-deficient advanced CRCs. Using high-throughput array technology for the molecular profiling of tumor tissue, drugs targeting the PI3K/AKT/mTOR pathway have been identified and shown to selectively inhibit MSI cancer cell lines, suggesting the relevance of this pathway in this tumor subtype (61) . Given that chromosomal instability is associated with taxane resistance, it has been hypothesized that MSI tumors may exhibit greater sensitivity to taxane therapy. To test this hypothesis, a clinical trial is underway evaluating patupilone, a microtubule stabilizing drug, in patients with MSI tumors (62) .
Another potential strategy is the use of demethylating agents, such as Decitabine, which 
